. Changes in lifestyle and advances in medical technology during the past decade have likely affected the prevalence of vascular risk factors and thereby the incidence of stroke. It is important for clinicians to have a general impression of the distribution of stroke subtypes to adjust strategies for etiologic detections and to make decisions in diagnosis and therapy 2 . IS has been classified into 5 etiologic subtypes, which differ in terms of mechanism, severity, management and prognosis 3 . Over the past decade, 2 major factors should be considered. First, statins are reported to lower stroke incidence and recurrence through multiple mechanisms 4,5 . Guidelines for secondary and primary prevention of strokes have recommended the use of statins successively, which would likely lead to enhanced anti-atherosclerosis therapy and a decreased incidence of large artery atherosclerosis (LAA) stroke cases 6 . Second, the aging of the population might influence some age-related risk factors, such as atrial fibrillation (AF) and, consequently, the number of cardioembolic (CE) stroke cases 7 . A few studies have reported IS subtype trends in several other countries 2, [8] [9] [10] . However, these findings have been inconsistent, and no data from China have been reported. China has different social conditions from other countries and has experienced vast economic development. Therefore, we intended to explore the trends in stroke subtypes, etiology of IS and risk factors in a stroke center in China.
. Demographics, vascular risk factors and investigations among the 3 periods in all patients. * The investigations include transcranial doppler, magnetic resonance angiography of the intracranial artery, computerized tomography angiography of the intracranial artery and digital subtraction angiography. hospital because the latter cases were likely due to the same IS etiology and may have resulted in an overestimation of the distribution. The patients mainly resided in the Beijing District, the capital city of China. The research was approved by the ethics committee of Peking University Third Hospital. Informed consent was obtained. All methods were performed in accordance with the relevant guidelines and regulations.
The collected data included demographics, stroke risk factors, etiology investigations and ischemic stroke subtypes. Blood pressure was measured on admission. Laboratory investigations were conducted in a fasting state on the second morning after admission. We combined etiologic detection findings by different image technologies to calculate the accomplishment rate in IS patients.
Ischemic subtypes were classified according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria 11 . Briefly, stroke patients were divided into 5 subtypes: LAA, CE, small vessel disease (SVD), other determined etiology (ODE) and undetermined etiology (UE). Specifically, patients with a ≤2 cm size infarct and >50% relevant large artery stenosis on neuroimaging were categorized as having LAA. Ischemic stroke subtypes were evaluated by two independent physicians, and the uncertain cases were discussed to reach a consensus.
Statistical analysis.
Quantitative data are presented as the means ± standard deviations (SDs), and qualitative data are presented as numbers and percentages. The data were divided into 3 periods according to admission date: from January 2006 to December 2008, from January 2009 to December 2012, and from January 2013 to December 2015. Analysis of variance (ANOVA) and Chi-squared tests were used for continuous and discrete data separately to analyze the changes in the risk factors among the 3 periods. Binary logistic regression was used to analyze the change in each IS subtype. In each subtype, the proportion in the subsequent year and the average proportions in the earlier years were compared to determine whether significant changes occurred over time. The trends of LAA and SVD strokes were further adjusted for the using vascular investigations. The trend of CE stroke was further adjusted for the using Holter monitoring and echocardiography. All P values are two-sided, and the probability of a type 1 error was set as 0.05. Statistical analyses were performed using SPSS 17.0.
Results
A total of 6483 patients with stroke were admitted to Peking University Third Hospital; 359 patients were excluded because they did not meet the criteria for acute phase stroke, which is less than 14 days after an ischemic stroke. Additionally, 603 patients who visited the same hospital for the second time due to a recurrent stroke were excluded. Therefore, 5521 patients were enrolled in our study. There were 4534 (82.1%) IS patients, 813 (14.7%) intracerebral hemorrhage (ICH) patients and 174 (3.2%) subarachnoid hemorrhage (SAH) patients, 3888 (70.4%) were males. The mean ages were 63.51 ± 13.43 years. In IS patients, there were 3256 (71.8%) males and the mean ages were 64.53 ± 12.82 years. In ICH patients, there were 551 (67.8%) males and the mean ages were 59.33 ± 15.28 years. In SAH patients, there were 81 (46.6%) males and the mean ages were 56.47 ± 13.84 years.
Demographic data and risk factors among the 3 periods are shown in Table 1 . Totally, the proportion of IS was increasing and the proportions of ICH and SAH were decreasing (P < 0.001). Onset age did not show a significant change over time (P = 0.337 in IS patients, 0.370 in ICH patients, 0.490 in SAH patients). Male was significantly increasing in IS patients but not in ICH or SAH patients (P = 0.001, 0.695 and 0.596 separately). The mean length of hospital stay continually decreased from 18 days to 14.8 days in IS patients(P < 0.001), and from 19.2 days to 16.4 days in ICH patients (P = 0.014), but did not change significantly in SAH patients (P = 0.302). Regarding the risk factors, the proportion of hypertension remained stable (P = 0.995 in IS patients, 0.927 in ICH patients and 0.453 in SAH patients), and the proportion of diabetes mellitus increased from 29.8% to 40.1% in IS patients (P < 0.001). Table 3 . Trends in ischemic stroke subtypes compared in total and compared between the index year and the average level of the former years. * The adjusted factor was intracranial artery investigation in LAA-related strokes and SVD-related strokes, and the adjusted factors were echocardiography and Holter monitoring in CErelated strokes. † The former year refers to the index year and the later years refers to the average level of the years before the index year.
SCiENTiFiC REPoRTs | (2018) 8:5037 | DOI:10.1038/s41598-018-23356-9
When we analyzed IS patients separately, we found that lipid profiles, specifically total cholesterol, triglycerides and low-density lipoprotein decreased continuously during these years ( Fig. 1) , systolic blood pressure decreased in the former 2 periods and diastolic blood pressure decreased in all 3 periods (Fig. 2) . The proportion of AF remained stable (P = 0.812). Additionally, we observed marked increases in the use of intracranial vascular investigations, echocardiography and Holter monitoring (from 25.6% to 75.4%, from 47.4% to 82.6% and from 0.4% to 8.2%, respectively, P < 0.001). The proportion of ischemic stroke subtypes and the association with time are shown in Tables 2 and 3 and Fig. 3 .
The incidence of LAA stroke was observed to increase significantly from 17% to 30.8% from 2006 to 2013, and then decrease to 24.1% by 2015. After adjusting for the use of intracranial vascular investigations, no significant increase was observed from 2009 to 2012, and a significant decrease was observed from 2012 to 2015. An increase in SVD strokes was observed, from 15.5% to 39.6%. This trend was still significant after adjusting for the use of intracranial vascular investigations. A significant decrease in UE-related strokes was observed, from 52.7% to 26%. No significant change was observed in the proportion of CE stokes (from 11.0% to 8.4%) in the past decade, even after adjusting for using Holter monitoring and echocardiography. No significant change in ODE strokes was observed.
Discussion
This study showed a temporal trend in stroke subtypes over the past decade, that warrants investigation considering the vast economic development in China. According to World Bank classifications, China has experienced extremely rapid economic growth and has reached a middle income level 12 . Medical resources have improved, especially in Beijing, the capital of China. Marked changes in industrial and social factors have influenced people's lifestyle (especially diet composition) and concepts of disabling disease management, such as that for stroke. The aforementioned factors ultimately influence the stroke subtype distribution.
Generally speaking, although the proportion of IS, ICH and SAH patients have changed, they all represented a relatively stable onset age, which is different from a population-based study investigating a low-income district in Tianjin, China, the latter one showed a younger trend of onset age in the past 2 decades 13 . We suggested one of the reason was that patients in this study were located in a relatively higher income district compared with township in Tianjin, and the stroke prevention worked better. However, the risk factors correlated with specific IS subtypes was changed. The details are as below.
According to previous studies, the proportion of LAA strokes ranges from 14.4% to 57%, which is influenced by ethnicity, region, lifestyle and other factors 2, 8 . In this study, the proportions of the LAA subtype ranged from 17% to 30.8% in different time periods, consistent with other studies in China 14 . Reportedly, LAA stroke patients have a higher risk of cardiovascular events, stroke recurrence and death 15 . Atherosclerosis, especially carotid plaque and carotid intima-media thickness, is also closely associated with cardiovascular risk, which is closely associated with risk factors such as blood lipid levels 16, 17 . Statins reportedly aid in the prevention of stroke incidence and recurrence. Since the guidelines for primary stroke prevention recommended statins for anti-atherosclerosis therapy in 2011, statins began to be widely applied 6 . The proportion of LAA subtype patients increased in the first 7 years, but decreased in the last 3 years. As we divided the past decade into 3 periods previously, the change was not significant in the 1 st and 3 rd periods, but was significant in the 2 nd period. After adjusting for intracranial vascular investigations, the increasing trend in the 2 nd period became non-significant, and the decreasing trend in the 3 rd period became significant. Notably, the use of intracranial vascular investigations began to increase in 2009, i.e., the beginning of the 2 nd period. Statins were not recommended until 2011, and the 3 rd period followed. Therefore, we presumed that the increasing trend in LAA strokes in the 2 nd period was due mostly to increasing detection abilities and the availability of stable anti-atherosclerosis therapy. In other words, more LAA stroke subtype patients were diagnosed. In the 3 rd period, the etiology detection increased slightly and anti-atherosclerosis therapy was strengthened by using statins, resulting in a significant downtrend of LAA stroke cases. This finding is also consistent with the decreasing lipid profiles and implies that a positive outcome might be achieved by anti-atherosclerosis therapy for the control of LAA strokes. Hypertension appears to be the most predominant risk factor in the population, contributing to half of the coronary heart disease burden and approximately two-thirds of the cerebrovascular disease burden 18 . Hypertension is more likely to be correlated with the SVD subtype than the other subtypes in ischemic stroke patients 19 . Lowering blood pressure could reduce the risk of stroke. Reportedly, when the blood pressure is reduced by 8/4 mmHg, the risk of stroke and other cardiovascular events obviously decreases 20 . To clarify the underlying reason for the rising trend in the SVD stroke cases, we should first focus on the prevalence and control of hypertension. Based on previous community studies, the hypertension control rate is 9.3% in China compared with 33.1% in America and is also much lower than in several other Asian countries such as Korea, Thailand, and Iran 18, 21, 22 . In our study, less efficacy was also shown in hypertension control. The number of patients with hypertension remained stable over the past decade, and the decrease in blood pressure was slight. Briefly, anti-hypertensive therapy should be reinforced to control the incidence of SVD stroke cases.
Unlike those in other countries, CE stroke cases did not increase in our study. The proportion fluctuated between 11% and 8.4%, much lower than the values reported in other studies such as the German stroke data bank (25% CE strokes) 23, 24 . Once CE sources are recognized, anti-coagulation treatment should start. Early diagnosis is very important.
AF is the most common cause in CE stroke cases. In this study, stroke with AF accounted for approximately 7% to 8% of all ischemic stroke types, similar to values reported in Canada (8-11%) but much lower than values reported in Poland (24.6-31.7%). There are several risk factors for AF, such as hypertension, coronary heart disease and age 25, 26 . A high proportion of coronary heart disease and the increasing onset age may contribute to the high AF rate in Poland. The onset age in our study did not increase, possibly partially due to the less effective measures for risk factors, since successful control measures for hypertension, diabetes mellitus and dyslipidemia are suspected to delay the onset age of strokes. Additionally, we also need to consider the detection rate. Paroxysmal AF becomes more detectable as the electrocardiographic (ECG) monitoring period is prolonged 27 . Holter monitoring is recommended to improve AF detection. In our study, all patients underwent 12-lead ECG monitoring on admission, but the proportion of patients who underwent 24-h Holter monitoring was only 0.4-8.2%, which was much lower than in reports from Canada (13-46%) and Poland (26-62.5%) 2, 8 . It is easy to conclude that AF detection in China is less valued and needs to be reinforced among UE stroke patients.
The time trends in stroke subtypes in this study were much different from those of other countries. Here, we summarized previous studies in Canada, Korea, Poland and Japan 2, 8, 10, 22 . An increasing trend was observed in CE strokes, and a decreasing trend was observed in SVD strokes in Canada, Korea, and Poland. However, LAA strokes declined in Canada, remained stable in Korea, and showed an increasing trend in Poland. A community-based study in Japan showed an increasing trend in CE strokes, with a decreased trend in non-lacunar strokes. Consistently, the UE stroke subtype remained stable in previous studies. In China, LAA stroke showed a single apex trend, CE stroke was low and stable, SVD stroke kept increasing and UE stroke kept decreasing, findings that are much different from those from other countries.
We also investigated the trend of ICH and SAH in the past decade. We found that there is a relatively stable proportion of hypertension, which suggests us the hypertension management should also be improved in the prevention of hemorrhagic stroke.
Our study has several advantages. Although several studies have investigated the stroke subtype trends, the situation in China remains unknown. China has different ethnic and lifestyle conventions than Western European and North American countries, and its economic status is different from other reported Asian countries, such as Korea and Japan. Considering the severe disease burden in China 28 , further investigations of the stroke subtype distribution and trends are necessary. Our study had a large sample size, which included patients admitted to our stroke center over 10 years. The electronic medical records in the hospital were accurate, and the evaluation of the TOAST subtype by neurological physicians was relatively precise.
However, this study has several limitations. First, this is a retrospective study, and some data, such as the national institutes of health stroke scale (NIHSS) score, were not available for all patients. Therefore, we cannot compare the stroke severity in different years, which may influence the proportion of stroke subtypes. Second, this is a hospital-based study. Therefore, the interpretation of the etiology should be restricted to this center, although the changes in etiology may be influenced by patients' tendency to seek medical care and changes in the natural population. However, based on these data, the number of admitted stroke patients each year and the average age of the patients did not substantially change, suggesting a relatively steady patient source. Third, this is a single-center study and may not be fully representative of all Chinese patients. Therefore, multi-center and population-based studies are needed to determine the changes in stroke subtypes and stroke risk factors over time.
